As per the third consensus meeting of Indian Menopause Society reports, the number of postmenopausal women in India is approximately 43 million and it is projected to be 103 million by 2026. While the average age for menopause in India is 47.5 years, there is an alarming increase of premature menopause among the Indian women has been reported recently. It has been observed that, nearly four per cent women of age group of 29-34 years attain menopause and its incidence increases to eight per cent in women of age group between 35 and 39 years. The reason for this early menopause is still unclear, but it is a major public health problem because of its influence on the development of components of metabolic syndrome. Despite HRT improves postmenopausal complications, the prolonged use of HRT was not recommended now due to its influence on the development of certain types of cancers; endometrial cancer and breast cancer in addition to its negative impact on cardiovascular diseases. Hence, understanding the cellular and molecular mechanisms which amenable for the pathogenesis of postmenopausal complications may open new clinical therapeutic targets for the management of these complications. Soy isoflavones, a natural phytoestrogen, which shares the structural and functional homogeneity with estrogen. Several studies have reported that soy isoflavones have beneficial effects against ovariectomy (surgical menopause) as well as diet induced metabolic complications in animal models; however, its efficacy in terms of improving metabolic complications associated with postmenopausal state is largely unclear.
Introduction
Menopause is a critical milestone in the life of women. Menopause is defined as "loss of estrogen production due to ovarian dysfunction". Premenopausal women are more protected from developing metabolic syndrome and its associated metabolic complications; type 2 diabetes and cardiovascular diseases (CVD) when compared to men of similar age [1, 2] . This protection is lost after menopause due to changes in the sex steroidal hormone profile. The public health impacts of postmenopausal complications are substantial since women spend virtually a one-third of their lives in the postmenopausal state worldwide [3] . In the direction of reports of the third consensus meeting of the Indian Menopause society, the number of postmenopausal women in India is approximately 43 million and it may reach 103 million by 2026 [4] . These observations highlight the importance of empathizing the molecular and cellular mechanisms that underlie the pathology of metabolic complications concomitant with postmenopausal population.
Postmenopausal cardiovascular complications
Evidence from recent studies reported that the occurrence/risk of obesity and metabolic syndrome (MetS) are three times higher in postmenopausal women when compared to the premenopausal women [5] . The ground for the increases in the weight gain and obesity after menopause is not clear, but it is considered as an important growing public health problem worldwide [6, 7] . Recently, Clegg reported that estrogen deficiency after menopause promotes weight gain and fat accumulation in the waist region which ultimately leads obesity in postmenopausal population [8] . The lack of estrogen due to ovarian dysfunction after menopause accelerates endocrine and metabolic derangements predisposing to obesity, cardiovascular diseases and metabolic syndrome [9, 10] . Consequently, the influence of estrogen deficiency in the patho-biology of obesity associated metabolic diseases in postmenopausal population is emerging as a plausible therapeutic challenge in the clinical gerontology of 21 st century. In addition, there are other environmental factors such as intake of fat rich diet after menopause unique in the present generation which can further worsen the scenario. Perhaps it could be the combination of the aforementioned factors (i.e., estrogen deficiency and intake of fat rich diet) which leads to the pathogenesis; but the actual trigger for the postmenopausal obesity require further studies. The better understanding of the effect of how estrogen deficiency linked with the energy imbalance leads to lipid metabolic derangements promises to open a new novel clinical therapeutic strategy for an increasing large segment of the female population.
Postmenopausal inflammation
Past few decades most of the research focused on molecular link among oxidative stress and inflammation in response to aging and numerous metabolic and pathological consequences have been recognized, which have etiological origin of inflammation and the term "inflammaging" has been coined [11] [12] [13] . Thus, the modulation of oxidative stress and inflammation in the setting of ageing is a matter of prominent interest for gerontological research in modern years. Menopause, an age-related loss of ovarian function adds further complexity to the aging milieu. Many women experience weight gain and fat accumulation in the waist region during their menopausal Biochemistry & Physiology: Open Access period [14] . It is already reported that postmenopausal women are more prone to develop adiposity/obesity and its associated pathological sequelae when compared to the men of peer age [15] . Adipose tissue is not only a lipid storage organ, it is also considered as one of the positive instigators in the expansion of components of metabolic syndrome [16, 17] . Increased visceral adiposity and obesity accompanied with age related exhaustion of ovarian function are implicated in the pathology of CVD [18] . The discrepancy in the production of inflammatory cytokines has been identified as a one of the major triggers, which involved in the development of CVD associated with postmenopausal obesity [19] [20] [21] [22] . Furthermore, the heightened expression of inflammatory cytokine TNFα has been observed in response to estrogen decline after menopause, which positively correlates with increased CVD risk [23] . Moreover, evidence from clinically relevant studies also showed the elevated levels of proinflammatory cytokines in postmenopausal populace [24, 25] . Controversially, Yasui T et al. reported that in early stage of menopause (particularly less than five years after menopause), the proinflammatory cytokines levels in the serum were increased and return to the normal levels in the late stage, with values parallel to pre menopause phase [26] . Recently Ludgero et al. stated that ovariectomy in C57BL/6J mice did not escalate the levels of TNFα and IL6 in serum and ovarian adipose tissue. However, when ovariectomy was followed by high fat diet, these inflammatory proteins levels were elevated [27] . Thus, it is unclear whether estrogen deficiency could attribute to the development of inflammatory response in postmenopausal women and the skepticism has developed lately concerning the role of estrogen deficiency in causing inflammatory response. Therefore, the etiology of inflammation in postmenopausal women is still a complex issue and further studies are required to explore the same.
Postmenopausal oxidative stress
Oxidative stress, a dysregulation in the redox homeostasis believed to play a crucial role in ageing sequelae and caused by over production of highly reactive oxygen species (ROS), which overwhelm the body anti-oxidant defense system [28, 29] . There is an adequate balance between the oxidants and anti-oxidants levels in healthy premenopausal women and the level of oxidative stress in these women is insufficient in terms of disturbing the biology of ovaries until the onset of menopause. Menopause creates a redox imbalance and subsequent oxidative stress due to the decline of the natural antioxidant hormone estrogen [30] . Despite the fact that estrogen deficiency leads to oxidative stress, the question often arises whether oxidative stress causes menopause or is it the menopause, which is responsible for the oxidative stress, is still unclear. Recently, Sanchez et al. stated that the menopause alone can be one of the potential triggering or risk factors for oxidative stress [31] . However, the mechanisms amenable for the pathogenesis of menopause induced oxidative stress remains unclear and the problem needs to be addressed (Figure 1 ). 
Postmenopausal insulin resistance
Insulin resistance (IR), a state of impaired ability of peripheral tissues to respond to normal circulating insulin, is the predominant defect in type 2 diabetes (type 2 DM) [32] . Menopause is one of the higher risks for developing IR and subsequently type 2 DM [33] . However, the question remains about why postmenopausal women have an increased risk of diabetes when compared with peer-aged men. The incidence of diabetes is less in women than in men aged less than 60 years. While women after 60 years of their age, the risk of developing diabetes increased more than men of similar age [34] . These findings clearly indicate that the fluxes in the production of sex hormones after menopause might be accompanied with the risk of diabetes [35] . Though, the association between menopause and type 2 diabetes has been established [36] [37] [38] [39] [40] , conclusion about whether the menopause by themselves influence the pathology of type 2 diabetes independently of aging remains controversial. In 2005, the crosssectional study conducted by Donato et al. among the Italian women, reported a positive correlation between the menopausal state and diabetes independently of age [41] . However, a recent study conducted by Lee et al., among the Japanese population fails to show the positive association between the menopause state and diabetes when amendment is made for chronological age [42] . In the face of the aforementioned findings, it is controversial whether menopause by itself led to diabetes or not.
Evidence, extending from in vitro experiments and animal to human studies has showed compelling evidence for the pivotal role of oxidative stress, inflammation and adiposity in the pathogenesis of insulin resistance concomitant with postmenopausal women [43] [44] [45] [46] . Conversely, insulin resistance has been shown to cause imbalance in the redox status, pro versus anti-inflammatory cytokines and deranged lipid homeostasis with the resultant oxidative stress, inflammation and adiposity/obesity respectively in experimental animals [47] [48] [49] [50] [51] [52] . Taken together, these observations suggest the concept that oxidative stress, inflammation, obesity and insulin resistance participate in a vicious cycle, by which each of the four factors can recruit and amplify each other. This cycle plays a central role in the development of other metabolic complications associated with the postmenopausal population. Though, several molecular mechanisms amenable for the development of postmenopausal complications has been established, the etiological origin and management of metabolic complications concomitant with these complications remain unclear and the problem needs to be explored (Figure 2 ). 
Hormone replacement therapy
Hormone replacement therapy (HRT) also known as menopausal replacement therapy has been extensively investigated as a promising treatment for the debilitating signs and sequelae allied with the menopausal populace [53] . HRT can be effective at alleviating the moderate to severe symptoms of the menopausal transition [53] . Lindheim et al. and Margolis et al. reported that HRT can alleviate glucose intolerance and insulin resistance in postmenopausal women and improves whole body glucose homeostasis [33, 54] . The Nurses' Health Study reported 40% attenuation in CVD risk in women who used HRT after menopause [55] . In addition, estrogen suppressed cardiovascular resistance and enhanced coronary blood flow and attenuated myocardial ischemia [56, 57] . Recently, it has been stated that there is a convinced window during the postmenopausal period in which HRT is helpful. Outside this time frame, prolonged HRT can have detrimental effects. Evidence from large-scale clinical trials, particularly the Women's Health Initiative (WHI), reported that women who receive HRT during their menopausal period exhibited an increased incidence of both CVD and stroke [58] . However, there is no justification for this discrepancy, i.e., whether estrogen is useful or harmful for women in term of cardiovascular function. Furthermore, prior studies also reported that, prolonged use of HRT might raise the risk of developing certain type of cancer; endothelial cancer and breast cancer in addition to its negative impact on cardiovascular events [58, 59] . In light of the above unexpected findings that HRT could actually aggravate cardiovascular dysfunction and causes cancer, there is accumulative evidence that the alternative therapies appear to be a critical factor in determining the overall outcome of HRT. The search is for a natural or synthetic origin which will possess less undesirable effects and can alternate/replace or reduce the need of present strategy HRT.
Beneficial role of soy isoflavones
Soy isoflavones, a group of naturally occurring phytoestrogens shares the structural and functional homogeneity with estrogen.
Consumption of phytoestrogens rich diet may have protective effects on postmenopausal symptoms [60] . In addition, the consumption of natural phytoestrogens as an alternative intervention is allied with lower occurrence of postmenopausal symptoms; breast cancer and endometrial cancer in Asian women [61, 62] . Numerous studies including epidemiological studies to human and animal experiments have also showed beneficial effects of soy isoflavones against the inflammatory associated cardiovascular diseases [63] [64] [65] [66] [67] . The beneficial effects of soy isoflavones have been studied in animal model; however its efficacy in terms of ameliorating the metabolic complications concomitant with postmenopausal model of obesity is largely unclear (Figure 3 
Conclusion
Both experimental menopause and experimental obesity in isolation and in combination caused oxidative stress, inflammation, insulin resistance and lipid derangements and hepatic steatosis. The severity of these complications was further augmented when ovariectomy was followed by high fat diet, suggesting a synergistic role of postmenopausal state and the intake of fat rich diet in the development of metabolic complications. Treatment with soy isoflavones markedly alleviated these metabolic complications suggesting the use of this natural phytoestrogen as a strategy for relieving the metabolic complications associated with the postmenopausal women. The present study further strengthening the concept that, the soy isoflavones exhibits potent anti-oxidant, anti-inflammatory, antidiabetic and anti-lipidemic properties.
Based on the above findings, we may conclude that women after postmenopausal state may restrict intake of fat rich diet especially those who have a genetic predisposition for the development of components of metabolic syndrome. Consumption of soy based food after menopause may be beneficial for the management of metabolic complications. 
